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Abstract

Citrus sinensis (C. sinensis) has been traditionally used for the diagnosis of many diseases which 

includes- asthma, hypertension, microbial infections, diabetes, tuberculosis, etc. It contains many 

types of phytochemicals such as flavonoids, saponinss, tannins, glycosides, limonene, citral, 

neohesperidin, naringin, rutin, rhamnose, eriocitrin, and vitamin C. These phytonutrients may go 

about as cancer prevention agents, animate the invulnerable frameworks; prompt defensive 

proteins in the liver or square the harm of the hereditary materials. 

C. sinensis showed antimicrobial activity against many micro-organisms which can be taken into 

account for the treatment of infectious diseases. In this research some of the bacteria which are 

responsible for gastrointestinal order have been taken into consideration and the antibacterial 

activity of C. sinensis was studied with them. The Studied bacterial strains are Pseudomonas 

aeruginosa, Bacillus cereus and Klebsiella sp. The different concentrations of the sample have 

been used to evaluate the antimicrobial activity of methanolic peel extracts of C. sinensis. It 

provides antimicrobial activity against these micro-organisms with the increase of sample’s 

concentration. There was no research done for the thrombolytic activity of the C. sinensis peel 

extracts before. Thrombolysis is also referred as clot bursting. Thrombolysis causes disruption in 

normal blood flow. Methanolic peel extracts of C. sinensis show weak thrombolytic activity, but 

the data can be used for further study. Researchers might use other techniques to reveal 

thrombolytic activity which can be used for the diagnosis of patients and as it is an herbal drug it 

would have negligible side effects, adding a preferable treatment for the patients.
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Chapter One: Introduction

1.1 Brief on herbal Drug:

Herbal medicines refer to plants or parts of plants which can be used to prevent or cure diseases. 

Most people feel safer in terms of using herbal medicines because it has minimal or negligible

side effects (Hassan, 2012).

Plant's many parts such as its flowers, seeds, fruits, peel of fruits, stem are often used to diagnose 

diseases. Herbal medicines have been used for long, as traditional medicines for health recovery.

The use of herbal medicines is becoming more important and more reliable nowadays as it holds 

the hands of the advance technology, clinical researches, and analytical tools along with quality 

control assurance (Altschuler et al. 2007).

In past 30 years people are using more herbal supplements and their uses have been increasing 

drastically day by day. The era of using natural medicines such as the use of plants for medicinal 

purpose has shown a new direction for the healing purpose of human beings. These eliminate the 

side effects of the allopathic medicines, adding more advantages to health. According to the 

World Health Organization (WHO), it has been estimated that more than three fourth of the 

population finds ease to use herbal medicines and find it more reliable and cheaper. Alternatively

herbal medicines can replace the conventional medicines for medical purposes as it has found to 

have therapeutic effect on our body. Additionally, herbal medicine can also be termed as plant 

pharmaceutical or phytomedicine as it can be used for the treatment in various diseases. Active 

ingredients of plants which have therapeutic effects are synthesized in pharmaceuticals for 

making drugs. Active ingredients of plants become less useful or lose its effect when they get 

separated from plants (Abeloff et al. 2008).

Nowadays plant-derived substances have become of much importance due to their various 

applications. Medicinal plants are the high bio-resource of drugs of traditional systems of 

medicine, modern medicines, nutraceuticals, food supplements, folk medicines, pharmaceutical 

intermediates and chemical entities for synthetic drugs (Rahmatullah, 2016).
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Extraction (as the term is pharmaceutically used) is the separation of medicinally active portions 

of plant (and animal) tissues using selective solvents through standard procedures. The products 

so obtained from plants are relatively complex mixtures of metabolites, in liquid or semisolid 

state or (after removing the solvent) in dry powder form, and are intended for oral or external use 

(Prashant Tiwari, 2011).

1.2 Background of herbal medicines:

Although the introduction of scientific study on herbal medicines is new but the use of herbal 

medicines has been gifted as a blessing to the mankind for its fewer side effects. In history plants 

have been used for medicinal purposes prevent when all these advanced technology were not 

introduced. In the early 3000 BC ancient Chinese and Egyptian papyrus used herbal medicines 

for the betterment of health. Different cultures used herbs in different aspects of treatment and 

diagnosis. Many herbal plants are used for health beneficial in different region of world (Birks et 

al. 2007).

As per the WHO, 80% of people in the world have been found to depend on herbal medicines for 

the treatment and recovery of their health. People in Germany often use plant based medicines 

and 600-700 plants are used for making drugs and cure health related problems and are 

prescribed by 70% of doctors. Because of the increasing expenses related to health problems and 

medicines, enthusiasm for coming back to common or natural cures, has prompted an increment 

in herbal drugs utilization. Herbal medicines have been widely used in ancient period. Herbal 

medicines are also found to carry potency and hence, they should be used with precautions. In 

fact, many pharmaceutical drugs are based on the synthesized versions of naturally occurring 

compounds found in plants. For instance, digitalis was derived from the herb foxglove and used 

for the treatment of heart diseases. Nowadays use of herbal medicine has been dramatically 

touching the sky, so more scientific interest on medicinal plants has come forward. Researchers 

had many findings about the plants and parts of plants that can be used in treating health 

problems and boosting health without much side effects and non-toxicity (Damery et al. 2011).
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1.3 Usefulness of herbal medicines:

Herbal medicines are widely used because of its safety, efficacy, therapeutic effect and 

availability. Alternatively, these medicines are found to be more economic and are less 

expensive than the other allopathic medicines. Their accessibility is more as herbal medicines 

plants, can also be planted in our gardens. Herbal medicines have been used for many health 

recovery purposes which includes cough, inflammation, to enhance immune system, problems 

related to alimentary canal. Improper digestion, constipation, peptic ulcers are also gets 

recovered by herbal medicines. Patients who are allergic to allopathic medicines can switch to 

herbal medicines. These herbal plants are also used in the field of cancer research system to 

bring out active ingredients for diagnosis of cancer (Sissay et al. 2006).

1.4 Traditional uses of C. sinensis peel:

Conventional Chinese home grown prescription uses a few citrus peels for particular wellbeing 

bolster, including those of mandarin orange (C.reticulata 'Blanco'), sweet orange (C. sinensis) 

and sharp orange (C. aurantium). 

For a long time, cultivators prepared in Traditional Chinese Medicine (TCM) have utilized 

develop sweet orange peel, known as chen pi or ju pi in Chinese pharmaceutical, to enhance 

assimilation, calm intestinal gas and bloating, and purpose mucus. These peel demonstrations

essentially on the digestive and respiratory frameworks. We apply it in conditions including a 

feeling of distension and totality in the midsection and upper center guts consolidated with loss 

of hankering, retching or the runs, or hacks with bountiful mucus.

Sweet orange peel, in Chinese medication, acts essentially on the liver and stomach to advance 

assimilation, ease nourishment maintenance and stomach distension, and advance great liver 

capacity. Professionals of Chinese herbology utilize this herb when the feeling of distension and 

distress lies basically under the rib confine as opposed to the focal mid-region.

C. sinensis peel also used as a treatment of anorexia, colds, coughs etc. An essential oil from the 

peel is used as a food flavouring agent and also in perfumery and medicines.Terpenes extracted 

from peel are used to paint the ships and boats (Wiesman et al.2005).
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1.5 The studied plant (C. sinensis):

C. sinensis is also referred as sweet orange (Fig 1.1). The family of this fruit is Rutaceae (Table 

1.3) which is found in tropical and subtropical areas in Southeast Asia. It is mainly originated in 

South East Asia but it is found worldwide. It is a great source of vitamin C. C. sinensis contains 

various bioactive compounds like acridone alkaloids, flavonoids, vitamin C, carotinoids, 

limonoids, essential oils, minerals and vitamin B complex (Table 1.1). Sweet orange contains 

phytochemical nutrients which are important to our health. These fruits also contain abundant of 

phytochemical compounds like flavanones, polyphenols, anthocyanins and hydroxycinnamic 

acids which are used mainly in pathological conditions like inflammation, high cholesterol 

related diabetes and cancer etc. (Milind et al. 2012).

Figure 1.1 C. sinensis
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1.6 Description of C. sinensis as a plant:

C. sinensis is an orange fruit basically and its shape is round and its tree has a length of 9-10 m. 

Leaves of these trees are in oval shape their barks appear to be green or brown in color which is 

quite smooth. Leaves have a size of 4-10 cm if its length is taken in to account. The leaves of this 

tree are green. Leaves have smooth texture with a smell resemblance to the sweet orange. The 

flower of this tree consists of mainly five petals which smell same as saccharine (Webber et al. 

1903).

C. sinensis has seeds in between the parts where juices are present. The seeds are green or cream 

in color. The fruit’s flesh is mostly made of the orange sweet juicy part. The peel has orange 

color (Fig 1.2) (J.valiant et al.2004).

Figure 1.2 Peel of C. sinensis
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Table 1.1 Nutrient compositions of C. sinensis [USDA Nutrient Database (2014)]:

Composition Amount
Energy 197 kJ (47 kcal)
Sugars 9.35 g

Dietary fibre 2.4 g
Fat 0.12 g

Protein 0.94 g
Water 86.75 g

Vitamin A equiv. 11 μg (1%)
Thiamine (vit. B1) 0.087 mg (8%)
Riboflavin (vit. B2) 0.04 mg (3%)

Niacin (vit. B3) 0.282 mg (2%)
Pantothenic acid (B5) 0.25 mg (5%)

Vitamin B6 0.06 mg (5%)
Folate (vit. B9) 30 μg (8%)

Choline 8.4 mg (2%)
Vitamin C 53.2 mg (64%)
Vitamin E 0.18 mg (1%)
Calcium 40 mg (4%)

Iron 0.1 mg (1%)
Magnesium 10 mg (3%)
Manganese 0.025 mg (1%)
Phosphorus 14 mg (2%)
Potassium 181 mg (4%)

Table 1.2 International synonyms of C. sinensis [P.milind et al. (2012)]:

Country Name

Germany Apfelsine, orangenbaum

Japan Orenji, orenzi

China Tian, cheng

Italy Arancia, aranciodolce

France Oranger, orangedouce

Spain Naranja, naranjodulce

India Mosambi, narangi, santra

UK Narineh, narindz, narinjh
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Table 1.3 Taxonomy of C. sinensis [P. Milind et al. (2012)]:

PlantaeKingdom

MagnoliophytaDivision

DicotylidonesClass

SapindalesSub-class

RosidaeOrder

RutaceaeFamily

AurantoideaeSub-family

CitrusGenera

PapedaSub-genera

sinensisSpecies
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1.7 Purpose of the study:

From the literature review no thrombolytic activity was found to be done using methanolic 

extract of C. sinensis peel. So this present study is focusing on the evaluation of the thrombolytic 

effect of C. sinensis methanolic peel extracts. Thrombolysis is also referred as clot bursting. 

Thrombolysis causes disruption in normal blood flow. It mainly causes blood clot and blocks the 

blood flow causing necrosis or infarction. 

Antibacterial was done before on the C. sinensis (Table 1.1). The most done research of 

antimicrobial activity using extract of C. sinensis includes dental caries. C. sinensis peel has 

various properties to cure diseases and is widely used against various ailments, such as colic, 

upset stomach, cancer, diuretic, cormunative, immune-enhancing, stomachic, tonic to digestive 

system, immune system and skin. It is also used to treat and prevent colds, cough, vitamin

deficiencies and scurvy and fight against bacterial and viral infections. 

Table 1.4 Antimicrobial activities of C. sinensis:

NAME OF SAMPLE TYPES OF MICRO-ORGANISMS METHOD OF 
EXTRACTION

C. sinensis, Citrus 
aurentium

Colletotrichum capsici, Bacillus cereus, 
Shigella flexneri, Klebsiella pneumoniae

Methanol

Citrus limon, Citrus 
aurantifolia

Shigella Spp, E.coli, Salmonella Spp Chloroform

Citrus peel essential 
oils

Escherichia coli, Staphylococcus 
aureus, Salmonella typhi, Shigella 

species and Candida albicans

Hydro distillation

C. sinensis Streptococcus mutans and Lactobacillus
acidophilus

Aqueous and ethanol 
(cold and hot)

C. sinensis Staphylococcus 
auricularis,Staphylococcus aureus,

Escherichia coli, Streptococcus mitis, 
Streptococcus salivarius, Klebseilla

pneumoniae, Streptococcus pneumoniae

Aqueous and ethanol 
(cold and hot)

C. sinensis Escherichia coli, Staphylococcus 
aureus, Pseudomonas aeruginosa and 

Klebsiella pneumoniae

Aqueous and ethanol

C. sinensis Aggregatibacter
actinomycetemcomitans, 

Porphyromonas gingivalis, Pre-
votellaintermedia

Aqueous and ethanol 
(cold and hot)
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Citrus aurentium Pseudomonas aeruginosa, Salmonella 
typhimurium, Micrococcus aureus

Ethanol, Acetone,
Methanol

Citrus peel essential 
oils

Aspergillusniger Ethanol

Citrus peel essential 
oils

Listeria monocytogenesn, 
Corynebacterium minutissimum, 

Escherichia coli, Yersinia sp, Klebsiella
planticola, Aspergillus flavus, A. 

fumigates and A. niger

Hydro distillation

In this research, some of the bacteria which are responsible for gastrointestinal order have taken 

in account and the antibacterial activity of C. sinensis was studied on them. The Studied bacterial 

strains- Pseudomonas aeruginosa, Bacillus cereus and Klebsiella sp are found to disturb our 

normal function of gastrointestinal tract and causes infection. Though there are many allopathic 

medicines are present for the treatment of gastrointestinal disorder but patients nowadays are 

tend to use herbal medicines more because of the less side effects and less harmful to health.
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1.8 Protocol of the study

Collection of C. sinensis peel, drying and
grinding to get its powder form

Extraction of the dried powder of C. sinensis peel 
using methanol

Determination of phytochemical screening

Evaluation of antibacterial activity of C. sinensis
methanolic peel extract

Investigation of thrombolytic activity  of C. sinensis
methanolic peel extract
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Chapter Two: Review of literature

2.1 Activity of C. sinensis: 

2.1.1 Effect on cardiovascular diseases:

Orange natural product contains vitamin C, carotenoids and flavonoids, which are cardio 

defensive. As per WHO's late report, citrus natural products offer assurance against 

cardiovascular illnesses by diminishing levels of homocysteine (Guarnieri et al. 2007).

2.1.2 Effect on kidney stones:

A study has been showed that juices of C. sinensis reduce kidney stones which were done over 

British women (Tanaka et al.1997).

2.1.3 Effect on cancer:

C. sinensis contains limonene which is known to diminish the tumor at the colon, lung, mouth, 

skin and bosom. The other constituentof sweet orange is hesperidin which showed anti-cancer 

property in many studies. Most part relies on upon cell reinforcement properties of the atoms

causing anti-cancer activity, and also their capacity to regulate the action of detoxifying hepatic 

chemicals. The polymethoxylated flavones have demonstrated solid hostile to proliferative 

activity against malignancy cells and antigen initiated T-lymphocytes. β-cryptoxanthin (an 

orange-red carotenoid) is available in most astounding sums in oranges. It might essentially bring 

down one's danger of creating lung malignancy (Kurowska et al. 2004). 

2.1.4 Effect on micro-organisms:

Oranges are eaten to cure fever. The cooked squash is prepared as a poultice for skin ailments. 

The fresh peel is rubbed on skin break out. A decoction of the dried leaves and blooms is taken 

in Italy and France as an antispasmodic, cardio-protective and antagonistic to emetic ailments in 

China. Orange peel oil creates lethal effect on bugs, fire ants, and houseflies as a result of its 90-

95% limonene. Orange peel is used as herbal drugs against living beings (Honow et al. 2003).
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2.1.5 Effect on inflammation:

Physical injuries which tend to open skin or ruptures tissues of the skin due to any physical 

injuries are called wounds. The healing property of orange depends on upon wide blend of 

phytonutrients, for instance, citrus flavones (hesperidin and naringenin), anthocyanins, 

hydroxycinnamic acids, and a blended pack of polyphenols. There are reports on the biological 

activity of C. sinensis as antioxidants (Tripoli et al. 2007). 

2.1.6 Effect on fungi:

Antifungal constituents of C. sinensis are limonene (84.2%), linalol (4.4%) and myrcene (4.1%)

which inhibits growth of fungi (Julius et al.2009).

2.1.7 Effect on ulcers:

There are studies which have shown the effect of C. sinensis peel on the ulcers. The ulcer 

diminishes due to decreased occurrence of Helicobacter pylori (H. pylori) (Sharma et al. 2008). 

2.1.8 Effect on diabetes:

Against diabetic kineticism of orange is a result of bioflavonoids, for instance, hesperidin and 

naringin present in citrus natural item peels. These peels play against diabetic role in C57BL/Ks 

J-db/db mice by betokens of regulation of glucose managerial impetuses. They lessen the activity 

of glucose-6-phosphatase and phosphoenol pyruvate. The anti-diabetic capacity of orange peel 

and juice have one of the reserves of being intervened by betokens of against peroxidation, check 

of α-amylase impetus kineticism that is responsible for the change of involute starches to 

glucose, extended hepatic glycogen content, actuation of insulin release, and restoration of 

secretory disfigurements of pancreatic β-cell (Faturi et al. 2010).
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Chapter 3: Methodology

3.1 Preparation of plant extract:

3.1.1 Collection and identification:

The peel of C. sinensis was chosen to see the antimicrobial and thrombolytic activity. During the 

month of March, 2016 the peels of C. sinensis were collected from the Dhaka, Bangladesh.

Taxonomist of the National Herbarium of Bangladesh in Mirpur Dhaka has given recognition to 

the sample selected for the experiment. Moreover the voucher specimen was deposited in the 

National Herbarium for future references.

3.1.2 Preparation of the peel extract:

ÿ The peels which were collected were initially cleaned with distilled water. The peels were 

taken off from the flesh of the fruits carefully so that no flesh comes out along with the 

peels. 

ÿ The peels were sundried for 7-8 days so that all the moistures are dried away well and the 

surrounding temperature was about 27-35oC. 

ÿ The peels after drying completely were crushed proportionally to fine powders using 

mortar and pastel and further into a grinding machine. 

ÿ The powder weighed 400 gm after crushing and stored in an air-tight container. The 

container was kept in a dry, cool place before the further investigation.

ÿ The powder sample was soaked in 1 liter of methanol in a glass container and sealed 

tightly with the help of aluminium foil paper wrapped nicely around the opening of the 

jar and then with the lead of the jar, so that the soaked material would not get spilled off 

while shaking and stirring.

ÿ Next the soaked sample was left for 7 days and the soaked powder were daily shaken for 

thrice at least, so that it gets soaked thoroughly.

ÿ On the eighth day the soaked sample were filtered. Initially the mixture was filtered using 

cleaned cotton cloth which was sterilized well before use. Afterwards the filtrate 

collected was further filtered through Whatman filter paper (England). 
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ÿ Later the filtrate was evaporated in rotary vacuum evaporator (Model Hei-VapAdv 

Rotary Valve Tech Gwalior, India) at 40oC in a speed of 110 rpm for 1 hour 30 minutes

(Fig 3.1). Then it was further dried in water bath. 

ÿ The mixture was transferred into a beaker and kept inside the fume cupboard for more 

evaporation. The beaker was sealed and covered using aluminium foil paper.

ÿ The extract was oily and sticky in texture. The beaker of the crude extract was marked 

with a marker written “Methanolic peel extract of C. sinensis” and placed in a dry, cool 

place until the next use. 

ÿ These crude extract was further used for the experimental test to see the antimicrobial and 

thrombolytic activity of the methanolic peel extract of C. sinensis.

Figure 3.1 Rotary vacuum evaporator
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3.2 Phytochemicals:

Figure 3.2 Phytochemicals in plants

Phytochemicals actually mean "plant chemicals." Researchers have distinguished thousands of 

diverse phytochemicals, found in vegetables, organic products, beans, entirety, grains, nuts and 

seeds (Fig 3.2). Eating parts of plants that are rich in phytochemicals may help to counteract at 

minimum one in each five cases of growth, as well as other genuine illnesses such as heart 

diseases. 

They are actually occurring naturally and found in plants. They predominantly secure plants. 

They additionally have huge part in assurance of human health. Dietary phytochemicals are 

found in organic products, vegetables, vegetables, entire grains, nuts, seeds, parasites, herbs and 

spices. Common sources are broccoli, cabbage, carrots, onions, garlic, entire wheat bread, 

tomatoes, grapes, fruits, strawberries, raspberries, beans, vegetables, and soy. The definite 

arrangement of phytochemicals could have not been performed in this way, in light of the wide 

assortment of them. In detest year Phytochemicals are delegated essential or optional 
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constituents, contingent upon their part in plant digestion system. Essential constituents 

incorporate the regular sugars, amino acids, proteins, purines and pyrimidines of nucleic acids, 

chlorophyll's and so on. Optional constituents are the rest of the plant chemicals, for example, 

alkaloids, terpenes, flavonoids, lignans, plant steroids, curcumines, saponins, phenolics, 

flavonoids and glucosides (Fig 3.3). The phytochemicals present in plants are used for avoiding 

sickness and advancing wellbeing have been concentrated broadly to build up their adequacy and 

to comprehend the fundamental component of their activity. Such studies have included 

identification and seclusion of the concoction parts, foundation of their organic strength both by 

in vitro also, in vivo concentrates on in exploratory creatures and through epidemiological and 

clinical-case control concentrates on in man (Saxena, 2013).

3.2.1 Phytochemicals screening of C. sinensis [Oikeh et al. (2013)]:
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Phenol Group Tannin Group       

Saponin Group Phytosterol Group

Reducing Sugar Group Anathraquinones Group

Figure 3.3 Structures of different phytochemicals.
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3.3 Antibacterial activity of methanolic extracts of C. sinensis:

An antimicrobial is an agent that kills microorganisms or inhibits their growth. Antimicrobial

medicines can be grouped according to the microorganisms they act primarily against. The

antimicrobial activity of C. sinensis was done using the Agar-Well diffusion method. The 

targeted microbes were assessed to identify their susceptibility for the effect of methanolic peel 

extract of C. sinensis. The three organisms selected were- Pseudomonas aeruginosa, Bacillus 

cereus and Klebsiella sp. The assessment was repeated three times for each organism for better 

accuracy and validation of the experiment.

3.3.1 Aseptic conditions:

Every time the laminar air flow chamber was cleaned with ethanol to maintain better aseptic 

condition.

3.3.2 Test organism:

In this experiment the pathogens used were obtained from clinical isolates of icddrb,b that was

preserved in the Biotechnology Laboratory, Department of Mathematics And Natural Sciences, 

BRAC University. Three bacterial strains- Pseudomonas aeruginosa, Bacillus cereus and 

Klebsiella sp. were taken for the study.

3.3.3 Maintenance and preparation of inoculums:

Nutrient agar was the culture media for each organism and only fresh cultures were used. In this 

study only Nutrient Agar media was used. The culture media of nutrient agar was prepared by 

adding 7.2 mg of NA in a conical flask containing 160 mL of distilled water. Then the mixture 

was heated in a burner for dissolving completely. Culture media was autoclaved at 121oC for 1 

hour. Then the media was poured in the autoclaved petri dishes. The plates are taken and bacteria 

were sub cultured in these plates. On the day of testing, fresh cell suspensions were prepared for 

more accurate results. Test organisms were taken in the loop from freshly sub cultured bacteria 

that was incubated 24 hours preceding the test and disintegrated in individual autoclaved test 

tubes, each containing 10 mL of 0.9% NaCl to make the separate bacterial cell suspensions. The 

test tubes were enthusiastically blended utilizing a vortex to guarantee complete disintegration of 
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the bacterial cells inside the saline. The cell suspensions were of equivalent focus to ensure that 

there are an equivalent number of cells in each cell plate. The concentration of cell suspensions 

were checked until it has same or more turbidity than of a 0.5 McFarland Standard. In 

accordance to that of the 0.5 McFarland the acquired turbidity of the suspensions are adjusted by 

comparing. Then the cotton swab was dipped into this saline containing each organism

3.3.4 Preparation of extract solution for antibacterial activity test:

The methanol peel extract of C. sinensis were dissolved in 0.25% (v/v) autoclaved dimethyl 

sulphoxide (DMSO) to make five different concentrations of extract solutions for the 

antibacterial activity tests which were 5 mg/mL, 10 mg/mL, 15 mg/mL, 20mg/mL and 25

mg/mL.

3.3.5 Inoculation of media:

Antimicrobial activity was observed by preparing lawn culture after turbidity of bacterial 

suspension that was adjusted to equivalent of 0.5 McFarland on nutrient agar plates. The lid was 

left slightly ajar to allow inoculums to be absorbed before carrying out agar-well diffusion 

method.

3.3.6 Agar-Well diffusion and application of disks for bioassay of

different concentrations of extracts:

The discs of about 0.6mm diameter were aseptically cut out from the inoculated plates using the 

back of sterile micropipette tips allowing 30mm between adjacent wells and the edge of the petri 

dishes. 16 μL of each extract were then added into the wells. This process was repeated for the

extract three times. Antimicrobial discs were applied as positive control and for comparison. 

Bend-forceps were sterilized in flame and used to impregnate the discs on the agar by tapping 

them gently to ensure complete contact with the agar surface. 

Care was taken not to relocate the disks once it has come in contact with the agar surface as the 

drug diffuses almost instantaneously. Plates were kept in an upright position in an incubator to 

allow the extracts to diffuse into the agar. The plates were incubated for 24 hours in the incubator 

at 370C and observed for zone of inhibition (mm) around the wells. 
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3.4 Thrombolytic test:

Thrombolysis causes disruption in normal blood flow. It mainly causes blood clot and blocks the 

bood flow causing necrosis or infarction. Thrombolytic agents act by converting the proenzyme, 

plasminogen to plasmin, the active enzyme. Plasminogen activators that preferentially activate 

fibrin-bound plasminogen are fibrin-specific. In contrast, nonspecific plasminogen activators do 

not discriminate between fibrin-bound and circulating plasminogen. Activation of circulating 

plasminogen results in the generation of unopposed plasmin that can trigger the systemic lytic 

state (Fig 3.4).

Figure 3.4 Thrombolytic activity in blood. [Jacquelyn L. Baskin, (2012)]:
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3.4.1 Collection of blood sample:

For the blood specimens venous blood of two healthy volunteers (male) were taken (age 20-28 

years) who has no recent history of oral contraceptive and anticoagulant therapy. Each pre-

microcentrifuge tube were weighed and about 5 mL of blood from each volunteers were taken 

into microcentrifuge tube to form clots, and these were separated from each other by assigning a 

distinct number to each- A, B, C. The ethical committee of pharmacy department, BRAC 

University approved the study protocol. Each volunteer has provided the written consent for 

collecting blood (Hassan, 2012).

3.4.2 Streptokinase:

The commercially available streptokinase (15,00,000 IU) vial (STK, Incepta Pharmaceuticals 

Ltd., Bangladesh) was collected and 5 mL of methanol was added and mixed properly. The 

concentration of the streptokinase was adjusted to be 30,000 IU and 100 μL of this suspension 

was used for in vitro thrombolysis. This was used as the reference standard for thrombolytic 

activity because it is commonly used as a thrombolytic drug (Fahad Hussain, 2014).

3.4.3 Sample preparation:

Initially 100 mg of plant extract was taken and dissolved in 10 mL of methanol. This was left 

overnight. Then the mixture was filtered (Fahad Hussain, 2014).

3.4.4 Thrombolytic activity test:

The blood samples were allowed to incubate for 45 minutes at 37oC. After clot formation, serum 

was completely removed (clot should not be disturbed) and each tube having clot was again 

weighed to determine the clot weight (clot weight = weight of clot containing tube − weight of 

tube alone). Each microcentrifuge tube containing clot was properly labeled, and 100 μL of plant 

extract, 100 μL of methanol (as a negative control), 100 μL of 30,000 IU reference streptokinase

(as a positive control) were added to tubes with clots. All the tubes were incubated at 37°C for 90 

minutes. The fluid left was then carefully removed, and the tubes were weighed again. The 

difference in weight before and after clot lysis was expressed as percentage of clot lysis (Md. 

Shahrear Biozid, 2015).
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3.4.5 Statistical analysis:

The significance of percentage clot lysis between plants extracts and water by means of the 

weight difference was tested by the Dunnettt-test analysis. Significance was set at both P< 0.001 

and P< 0.05 levels. Data are expressed as mean ± standard error mean. SPSS is a statistical 

analysis program developed by IBM Corporation;USA was used to for this purpose.

Percentage clot lysis = (weight of the clot after lysis by sample and removal of serum/weight of 

the clot before lysis by sample) ×100 (Fahad Hussain, 2014).
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Chapter 4: Results and discussion

4.1 Antibacterial activity of different concentrations ofmethanolic extract of 

C. sinensis:

In vitro antimicrobial screening of methanolic extracts of C. Sinensis were carried out using 

different concentrations of 5 mg/mL, 10 mg/mL, 15 mg/mL, 20 mg/mL and 25 mg/mL to have 

the extent of antimicrobial activity. Ciprofloxacin was used as positive control for this study. The 

results are shown in Table 4.1.

Bacillus cereus shows the greatest zone of inhibition which increases with the concentration. 

Pseudomonas aeruginosa shows zone of inhibition which increases with the concentration but in 

the concentration of 20 mg/mL and 25 mg/mL it has same zone of inhibition. Klebsiella sp 

shows the poor zone of inhibition and it has no zone of inhibition in the concentration of 5

mg/mL of C. sinensis’ methanolic peel extract (Fig 4.1).

Table 4.1 Zone of inhibition of the sample and positive control:

Methanolic 

extract ofC. 

sinensis’ peel

Zone of inhibition  (mm)

Concentration 

(mg/mL)

Positive control  

(Ciprofloxacin)

Pseudomonas 

aeruginosa

Bacillus cereus Klebsiella sp.

5 18.5 7 10 _

10 19.3 9 12 3

15 20.9 11 12 7

20 21 12 13 9

25 22.5 12 14 9.9



24

Figure 4.1 Graphical relation for antimicrobial test

4.2 Results of the thrombolytic test:

The percentage of clot lysis of positive control was 66.12%. The sample methanolic extract of C. 

sinensis peel shows weak percentage of clot lysis- 26.96% (Fig 4.2).
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Figure 4.2 Graphical representation of thrombolytic test
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Chapter 5: Conclusion

Herbal medicines are produced from different parts of particular plants, for example- seeds, 

roots, stems, barks, leaves, berries etc. The components determined by the phytochemical 

screening of the methanolic peel extract of C. sinensis showed the presence of various valuable 

chemicals like- reducing sugars, tannins, phytosterols etc. The result of the present study 

revealed that the methanolic extract of the C. sinesis peel have antimicrobial activity. It can be 

used as a therapeutic agent in the treatment of gastrointestinal infection. Further detailing study 

is necessary to observe the mechanism of impacts closely and to draw extractive conclusion.

Thrombolytic study of C. sinensis shows that it has thrombolytic activity which was weak but 

using different isolation techniques the constituents could be separated and further investigation 

on thrombolytic activity can be done. Therefore it could be used for the diagnosis of patients and 

as it is an herbal drug it would have fewer side effects which could be a better choice for 

mankind. The glorious environment of Bangladesh is great for citrus generation which gave a 

proper chance for agronomic practices and which are taken after for gaining splendid citrus

organic product. Wise use of symptoms from plant sources can moreover be valuable for most 

great utilization of normal sustenance's and meanwhile help with environment protection.

If all together things are taken, an amazing number of settled data of affirmation has avowed that 

C. sinensis peel show a critical scope of viable common activities. Impressive outcome of C. 

sinensis to have great bioavailability which along these lines pulls in authorities to perform 

sensible studies for intense ailment balancing activity. Moreover, treatment besides it has 

demonstrated that it has no deadly impact.
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